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Kalow & Springut LLP 

488 Madison Avenue 

New York, New York 10022 

February 21, 2002 



PRELIMINARY AMENDMENT 

Dear Sir: 

Prior to examination on the merits of this national stage application under the Patent 
Cooperation Treaty, please enter the following amendments in the above-identified application. 

AMENDMENTS 



IN THE SPECIFICATION ; 

On page 1 after the title and before " Field of Invention ," please insert the following paragraph: 
Cross-Reference to Related Applications 

This application is a national stage filing under the Patent Cooperation Treaty (PCT) for PCT 
international application number PCT/EPOO/08270 filed on 22 August 2000, published under 
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PCX Article 21(2) in English as WO 01/18241 on 15 March 2001. Both the international 
application and this national stage application claim the benefit of the filing date of EP 
99202714.4 filed 22 August 1999. 

IN THE CLAIMS 

Please amend claims 1-9 to read as follows: 

1 . (Amended) A method of detecting the presence of a nucleotide sequence within a 
double-stranded DNA in a sample, said method comprising the following steps: 

a. coating a sohd glass support with a first layer of biotinylated serum albumin in an 
amount to create sufficient binding sites for capture probes, drying said first layer to form a first 
dried layer and incubating said first dried layer with a second layer of streptavidin having 
sufficient density to perform efficient microarray analysis; 

b. digesting a double-stranded DNA with an exonuclease to convert said double- 
stranded DNA to single-stranded DNA; 

c. capturing a first nucleic acid probe adapted by biotin to said coated solid glass 

support; 

d. hybridizing (i) the single-stranded DNA with the first nucleic acid probe, and (ii) 
one or more second nucleic acid probes, wherein said second nucleic acid probe is labeled with a 
detectable moiety and can hybridize with the single-stranded DNA adjacent the hybridized first 
nucleic probe; 

e. ligating the hybridized first and second nucleic acid probes in case of a perfect 

match; 

f . denaturing the ligated first and second nucleic acid probes from the single- 
stranded DNA to which they were hybridized; 

g. removing labeled probes that are not covalently bound and single stranded DNA; 
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and 

h, detecting a detectable moiety that has been ligated to said first nucleic acid probe 
indicating the presence of the nucleotide sequence within the double-stranded DNA in the 
sample; 

wherein steps c.-h. are performed by microarray technique. 

2. (Amended) The method of claim 1, wherein said one or more second nucleic acid 
probes comprise a mixture of partly randomized probes to allow detection of mutations without 
knowing the site and type of mutation beforehand. 

3. (Amended) The method according to claim 1, wherein said solid glass support is 
made of Starfrost glass. 

4. (Amended) The method of claim 1, wherein the one or more first nucleic acid 
probes are placed on said soUd glass support by light-directed oligonucleotide synthesis. 

5. (Amended) The method of claim 1, wherein the detectable moiety on the second 
nucleic acid probe is digoxigenin, and the detecting step is performed by binding the digoxigenin 
with anti-digoxigenin antibody fragments. 

6. (Amended) A device suitable for carrying out the detection method of claim 1, 
which comprises a solid glass support having a first layer of biotinylated serum albumin and a 
second layer comprising streptavidin, said layers having sufficient density to perform efficient 
microarray analysis. 



7. (Amended) The device according to claim 8, wherein said solid glass support is 
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made of Starfrost glass. 

8. (Amended) A kit comprising: 

a. a device suitable for carrying out the detection method of claim 1 ; 

b. a first nucleic acid probe which binds to target DNA and which is adapted with a 
capture moiety; and 

c. a second nucleic acid probe which binds to target DNA adjacent the first probe 
and which is labeled with a detectable moiety, 

9, (Amended) A method for organizing microarray analysis on a sohd support for 
rapid visual detection of abnormalities which comprises arranging a duplicate set of probes 
where a first series of arrays are for wild-type mutation order and a second series of arrays are 
for the classical sequencing order. 

Please add the following new claims 10-14: 

10. (New) The method of claim 1, wherein prior to drying said first layer in step a , 
Parafilm, Parafilm covered by a weight, or a surfactant is employed to enhance the distribution of 
said first layer. 

1 1 . (New) The device of claim 6, wherein the solid glass support is obtained by prior 
to drying said first layer in step a , Parafilm, Parafilm covered by a weight or a surfactant is 
employed to enhance the distribution of said first layer. 
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12. (New) The kit of claim 8, further comprising an exonuclease. 

13. (New) The kit of claim 8, further comprising a ligase. 

14. (New) The kit of claim 8, further comprising an exonuclease and a ligase. 

REMARKS 

Entry of this preliminary amendment is respectfully requested. Pursuant to 37 CFR 
§1 . 121, a marked up version of the amendment to the specification and to the amended claims is 
submitted herewith. 

The claim amendments reflect (a) Article 19 amendments under the PCT filed during 
pendency of the PCT application of which this application is a national stage filing, and (b) 
changes to conform the claims to U.S. practice. If the Examiner would like separate markups of 
the claims representing Article 19 amendments to the claims as filed in the PCT application and 
markups of the claims representing amendments to the claims to conform to U.S. practice, the 
Examiner is invited to request such markups from Applicants. The claim amendments and the 
new claims add no new matter. 

This is a PCT national stage filing under 35 USC §371, claiming a right of priority to an 
earlier filed foreign application EP 99202714.4 filed 22 August 1999, in accordance with 35 
USC §363 and 35 USC §365. The amendment to the specification identifies the present 
application as a national stage filing in the U.S. under the PCT (for PCT/EP/00/08270 filed 22 
August 2000) and also claims priority to EP 99202714.4 filed 22 August 1999. 
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Applicants submit no fee is required in connection with the fiHng of this Preliminary 
Amendment. If any fee is deemed necessary, authorization is hereby given to charge the amount 
of any such fee to Deposit Account No. 11-0171. 



Respectfully submitted. 
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MARKUP OF AMENDMENTS PURSUANT TO 37 CFR 1,121 



IN THE SPECIFICATION : 

On page 1 after the title and before " Field of Invention ," please insert the following paragraph: 
Cross-Reference to Related Applications 

This application is a national stage filing under the Patent Cooperat ion Treaty (PCT) for PCT 
international application number PCT/EPOO/08270 filed on 22 August 2000. published under 
PCT Article 21(2) in English as WO 01/18241 on 15 March 2001. Both the international 
application and this national stage application claim the benefit of the filing date of EP 
99202714.4 filed 22 August 1999. 
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IN THE CLAIMS : 

Please amend claims 1-9 to read as follows: 

1. (Amended) A method of detecting the presence of a nucleotide sequence within a 
double-stranded DNA in a sample , said method comprising the following steps: 

a. coating a solid glass support with a first layer of biotinylated serum albumin[, 
and] in an amount to create sufficient binding sites for [the] capture probes, drying said first layer 
to form a first dried layer and incubating said first dried layer with a second layer of streptayidin 
having sufficient density to perform efficient microarray analysis; 

b. digesting [the] a double-stranded DNA with an exonuclease to convert said 
double-stranded DNA to single-stranded DNA[, derived from a mixture of target cells and other 
cells, to a single-stranded DNA]; 

c. capturing a first nucleic acid probe adapted by biotin to said coated solid glass 
support [defined in step a]; 

d. hybridizing (i) the single-stranded DNA with the first nucleic acid probe, and (ii) 
[a] one or more second nucleic acid probe s> wherein said second nucleic acid probe is labeled 
with a detectable moiety [which] and can hybridize with the single-stranded DNA adjacent the 
hybridized first nucleic probe; 
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e. ligating the hybridized first and second nucleic acid probes in case of a perfect 
match [only]; 

f. denaturing the ligated first and second nucleic acid probes from the [hybridized] 
single-stranded DNA to which they were hybridized ; 

g. removing [non-coyalently bound] labeled probes that are not coyalently bound 
and single stranded DNA; and 

h. detecting a Icaptured] detectable moiety that has been ligated to said first nucleic 
acid probe indicating the presence of the nucleotide sequence within the double-stranded DNA in 
the sample; 

[characterized] wherein [in that] steps c.-h. are performed by microarray technique. 

2. (Amended) The method of claim 1, wherein said one or more second nucleic acid 
probes comprise a mixture of partly randomized probes [step d (ii) is adapted with the use of a 
mixture of partly randomized probes] to allow detection of mutations without knowing the site 
and type of mutation beforehand. 

3. (Amended) The method according to claim 1 or claim 2 , wherein said solid glass 
support is made of [glass, preferably] Starfrost glass. 



4. (Amended) The method of [any one of] claim[s] 1 [to 3], wherein the one or 
more first nucleic acid probes are placed [printed on said solid glass support or are built] on said 
solid glass support by light-directed oligonucleotide synthesis. 
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5. (Amended) The method of [any one of] claim[s] 1 [to 4], wherein the detectable 
moiety on the second nucleic acid probe is digoxigenin, and the detecting step is performed by 
binding the digoxigenin with anti-digoxigenin antibody fragments. 

6. (Amended) A device suitable for carrying out the detection method of claim 1 [as 
claimed in any one of the preceding claims], which comprises a solid glass support having a 
[coating which is obtainable by the method comprising coating said solid glass support with a] 
first layer of biolinylatcd serum albumin and a [in an amount to create sufficient binding sites for 
the capture probes, drying said first layer, and incubating said first dried layer with a] second 
layer comprising [comprising a first layer of ] streptavidin . said layers having sufficient density 
to perform efficient microarray analysis. 

7. (Amended) The device according to claim 8, wherein [the] said solid glass 
support is made of [glass, preferably] Starfrost glass. 

8. (Amended) A kit comprising: 

a. a device suitable for carrying out the detection method [according to the 

present invention as claimed in any one] of claim[s] 1 [to 7]; 

[b. optionally an exonuclease; ] 

[c] b. a first nucleic acid probe which binds to target DNA and which is adapted 
with a capture moiety; and 
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[d] c. a second nucleic acid probe which binds to target DNA adjacent the first 
probe and which is labeled with a detectable moiety[; andj^ 

[e. optionally a ligase.] 

9. (Amended) A method for organizing microarray analysis on a solid support for 
rapid visual detection of abnormalities which comprises arranging a duplicate set of probes 
where a [the] first series of arrays are for [the] wild-type mutation order and a [the] second series 
of arrays are for the classical sequencing order. 

Please add the following new claims 10-14: 

10. (New) The method of claim L wherein prior to [the] drying said first layer in step 
a^, Parafilm, Parafilm coyered by a weight, or [parafilm, preferably coyered by a weight, or] a 
surfactant is employed [added] to enhance the distribution of said first layer. 

1 L (New) The deyice of claim 6. wherein the solid glass support is obtained 
[obtainable] by [the method in which] prior to [the] drying said first layer in step a , P arafilm, 
Parafilm coyered by a weight [, parafilm, preferably coyered by a weight,] or a surfactant is 
employed [added] to enhance the distribution of said first layer. 

12. (New) The kit of claim 8, further comprising an exonuclease. 



13 



(New) The kit of claim 8, further comprising a ligase. 
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14. (New) The kit of claim 8, further comprising an exonucleasc and a ligase. 



Respectfully submitted. 
Attorneys for the Applicant 
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improved method for nucleotide detection and devices used therein 

Reld of the Invention 

The present invention is in the field of molecular biology and diagnostics, and 
5 relates in particular to an improved method of detecting the presence of nucleotide 
sequences, e.g. point mutations, within a double-stranded DMA. The method is useful, for 
example, in the early detection of lung and colon cancer. 

Background of the Invention 

10 Cancer is the second overall leading cause of death, after ischemic heart 

disease, in the United States and Western Europe and despite recent advances in its 
treatment, there is, for most cancer types, no miracle cure on the horizon. Cancer causes 
approximately 25 % of all deaths. The incidence continues to rise, probably reflecting the 
increasing average age of the population. The key to survival is eariy diagnosis and 

15 treatment. 

Lung cancer has a high incidence and mortality. Eariy detection programs with 
conventional methods such as X-ray and sputum cytology have foiled to improve mortality. 
Lung carcinomas are now considered a genetic disease. Many regions in the genome 
have been thought to contain candidate genes related to the development of lung cancer. 

20 The mutations In p53 and Kirsten ras (K-ras) genes are the best characterized in lung 
cancer and are thought to occur late in the development of lung cancer Therefore, new 
approaches that use genetic alterations such as K-ras as potential biomarkers may be 
beneficial for eariy detection of lung cancer (Somers V.A.M-C., Thesis Maastricht 
University (1998), Netheriands). 

25 Point mutations in the human genome play a central role in tumorigenesis 

(Bishop M,H„ Science (1987) 235:305-311). Several methods for detection of known point 
mutations have been disclosed, which to a variable extent are time-consuming, technically 
complex, or hazardous due to the use of radioactive materials. See. e.g., Caskey C.T., 
Silence (1987) 236:1223-1229; Landegren U., at ai. Science (1988) 242:229-237; and 

30 Sommer S.S., et al„ BioTediniques (1992) 12:82-87. 

Holloway B,, et af., NucL Adds Res. (1993) 21:3905-3906, disclose an 
exonuclease-amplification coupled capture technique ("EXACCT) which improved 
detection of PCR product. 

Based on this technique, Murtagh and Thunnissen developed a simple, highly 

35 specific non-radioactive microtiter plate format for detection of PCR products offering a 
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high sensitivity towards the detection of known point mutations, which was illustrated for 
the detection of human K-ras oncogene. See, e.g., Thunhissen F,B J.M., Murtagh Jr., J.J., 
Somers V.A.M.Cm et al.. Lung (1994) 11 (SuppL 1):19, U.S. Patent No. 5.518,901, U.S. 
Patent No. 5.744,306. Somers V.A.M,C-, et a/., Nud. Ackis Res: (1994) 22:4840-4841. 
5 and Somers V.A,M.C.» Thesis /b/d 

Briefly, this method ts based on tlie following principle: after exonudease 
digestion, polymerase chain reaction fragments are determined by simultaneous 
hybridization with a capture probe and a detection probe complementary to sequences 
near the 3' end of the antisense fragment. The capture probe bears a biotin residue and 

10 the detection probe digoxigenin. After hybridization, the PGR product hybrids are captured 
in streptavidin-coated micfotiter plates and detected with labeled anti-dtgoxigenin antibody. 
For the detection of known point mutations this procedure was extended by using after the 
capture step the ligation of a mutation-spedfic capture probe with adjacent detection 
probe ("Point-EXACCr). . 

15 Essential in the Point-EXACCT technique is that only molecules will t>e 

detected by tiiis format which have been hybridized with two probes and subsequently 
iigated, resulting in a very high degree of specificity. In addition, it has been found that 
Point-EXACCT requires considerably less time and effort as compared to other techniques 
used for the detection of known point mutations. The method can be easily automated, 

20 permitting rapid screening of tissue banks mth multipie probes to individual base 
substitutions, deletions or addittons. 

Various attempts have been made to further improve and optimize Point- 
EXACCT and other point mutation detection methods. Somers V.A.M.C., e^ a/., Blochimice 
et Biophysica Acta (1998) 1379 :42-52. disclose an improvement of solution hybridization 

25 after exonudease pretreatment of amplification products for fluorescent cyde sequendng 
and point mutation detection. Digestion of a double*stranded amplification product to 
single strands by T7 gene 6 exonudease increases hybridization effidency and confers 
increased sensitivity and spedficity of detection. The use of single-stranded amplification 
products gave by far the best results and is therefore almost required, especially in 

30 particular cases. A prominent example is that with this approadi DMA of one mutated cell 
can be detected in a DNA background of 15,000 wild type cells. 

Point mutations in the K-ras oncogene are one of the most common genetic 
alterations involved In various types of human cancer. In lung cancen K-ras mutations 
occur predominantiy in codon 12. The fi-equency of those alterations varies wttiiin different 
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histological subtypes. K-ras point mutations are found in approximately 15-56% of the 
adenocarcinomas and to a lesser extent in other types of non-small cell iung cardnomas 
(NSCLC). K-ras point mutations at codon 12 are found to occur early during lung cancer 
development See Somers VAM-C, Thesis ibid., and references mentioned theieln, 

5 Somers V.A.M-C., ef a/., Clinicai Chemistry (1998) compared the detection of 

K-ras point mutations by Pdint-EXACCT with direct sequencing of double and single- 
stranded amplification products. Point-EXACCT showed dear advantages as compared to 
previously described highly sensitive methods. 

In condusion. the Polnt-EXACCT has been designed for analysis of single 

10 base substitutions, virtiere the exact place of said substitutions In the nucleotide sequence 
of the gene to be analyzed is known beforehand. Validation of the method for the 
detection of known point mutations in a large group of patients with NSGLC has confirmed 
its high sensitivity. Importantly, with this technique a relatively low amount of target cells is 
required before a signal is obtained. The ligation step is crudal. The whole procedure is 

15 laborious, and therefore tfiere is a dear need for an accurate and more effldent method. 

Recently, 'chip' or *microarray* technology has been developed, which is 
disdosed in, e.g.. U.S. Patent No, 5.445,934. According to this technkjue analysis of many 
small spots is performed to ^cilitate large scale nudeic add analysts, thus enabling 
simultaneous analysis of thousands of DNA sequences. This tedinique is considered an 

20 improvement on existing methods, which are largely based on gel-electrophoresis. For a 
review, see Natum Gen, (1999) 21 Suppl. 1. There are microarrays of different densities. 
High density microarrays usually have a density up to about 10^ spots per cm^ Low 
density microarrays contain at least about 5 spots per cm^. 

In order to fix discrete nucleotides on a solid support e.g. glass slides, one of 

25 two approaches is normally used. The nucleotides are either synthesized or spotted on the 
glass slides, in the first approach, oligonucleotides are built by light-direded sequential 
oligonucleotide synthesis on tiie solid support; see U.S. Patent No. 5.925,525 and WO 
97/27317. Light is used to acth/ate a predetermined site for the chemical coupling of a 
nucleotide. An array of nucleotides is built in successive rounds of this site-direded light- 

30 activated building process. In the latter approach, oligonudeotides are synthesized 
separately in an Individual fashion and later bound to the solid support with NHj linkage. 
The solid support is coated, e.g. with silane or poly-L-lysine, and a robotic arrayer is used 
for printing. This robot arrayer may be based on different prindples, such as piezoelectric 
printing, and the ring and pin mechanism. 
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The use of ligase in microarray analysis has been mentioned in WO 97/31256 
and US 5,242,794 as a way for detection of one or more of a plurality of sequences 
drffering by one or more single base changes, insertions^ deletions or translocations In a 
plurality of target nucleotide sequences. The ligase step in the procedure is similar to the 

5 one mentioned for the Point-EXACCT procedure, except that exonudease is not a part of 
the procedure. As solid support in US 5,242,794 a filter is used. 

None of the procedures mentioned above use stndptavidin coated glass slides 
as solid support for microarray analysis. The strong binding with biotin labeled substances 
on the streptavldin coating fadlitates efficient detection, e.g. hybridization of nucleic adds 

10 under stringent conditions. Furthermore, for nucleic acid analysis in combination with high 
efGdency procedures for single strand preparation of double stranded amplification 
products, such as exonudease, low target frequency on microarray analysis is feasible. 
The utility of DMA arrays for genetic analysis has been demonstrated in numerous 
applications including mutation detection, genotyping, physical mapping and gene- 

15 expression monitoring. The basic mechanism is hybridization between arrays of 
nucleotides and target nudeic add. This requires rather pure samples, typically more than 
10-20% of target DIMA In a mixed population before a signal Is obtained. However, the 
preaentiy available DHA array techniques could not be used for screening purposes where 
a low amount of target cells are present. (Gundersen ICL., ef a/.. Gen. Res. (1998) 

20 7:1142-53). 

in summary, the microarray technique allows large scale nucleic acid analysis, 
but require a lange amount of target cells, since the detedion mechanism Is based on 
hybridization. Hence there is a need for optimization. 

The present invention provides a further improvement of the point-EXACCT 
25 method using the microarray technique, wherein the benefits of t>oth methods are 
successfully combined. 

Summary of the invention 
In accordance with the preser^t, invention there is provided a method of 
30 detecting the presence of a nucleotide sequence within a double*stranded DMA in a 
sample comprising the following steps: 

a. coating a solid support witii a first layer of biotinylated serum albumin, and a 
second layer of streptavidin molecules having suffident density to perform effident 
microarray analysis; 
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b. digesting the double-stranded DNA with an exonuciease to convert double- 
stranded to single stranded DNA, derived from a mixture of target cells and other cells, to 
a single-stranded DNA; 

c. capturing a first nucleic add probe adapted by biotin to said coated solid 
5 support defined in step a.; 

d hybridizing (0 the single-stranded DNA with the first nucleic add probe, and 
(ii) a second nudeic add probe labeled with a detectable moiety which can hybridize with 
the single-stranded DNA adjacent the hybridized first nucleic probe; 

e. ligating the hybridized first and second nudeic add probes in case of 
10 perfect match only; 

f. denaturing the iigated first and second nudeic add probes from the 
hybridized single-stranded DNA; 

g. removing non-covalently bound labeled probes and single stranded DNA; 

and 

15 h. detecting captured detectable moiety indicating the presence of the 

nudeotide sequence within the double-stranded DNA In the sample; 

characterized In that steps c.-h. are performed by microarray technique. 
In one embodiment of the invention, step d (ii) is adapted with the use of a 
mixture of partly randomized probes to allow detection of mutetions without knowing the 
20 site and type of mutation tieforehand. 

In one aspect of the invention, the capturing step is performed by capturing the 
first nucleic add prot}e to a solid support wherein this solid support preferably is of glass, 
most preferably Starfrost glass. 

In a preferred embodiment of the invention, the support is homogeneously 
25 coated by biotinylated serum albumin and streptavidin. 

In another aspect of the invention, the first nucleic acid prot}e is printed on the 
solid support. 

In still another aspect of the invention, the first nudeic add probe is built on the 
solid support by light-directed oligonucleotide synthesis which is subsequently used for the 
30 remaining of the point-EXACCT procedure induding the Itgase step. 

In still a further aspect of ^e invention, the detedabie moiety on the second 
nudeic acid probe Is digoxigenin, and the detecting step is pertormed by binding the 
digoxigenin with anti-cHgoxigenin antibody fragments. 
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tn a preferred embodiment of the invention, the method is suitable for 
detecting the presence of a point mutation within the double*stranded DMA, wherein the 
first nucleic add probe contains a nudeotide complementary to the nudeotide of the point 
mutation at the 3' end and adapted with a moiety at the 5' end which can be captured to a 
5 solid support, and the second nucleic acid probe is labeled with a detectable moiety at the 
3' end whidi can hybridize with the single-stranded DMA adjacent the hybridized first 
nudeic acid probe, and wherein after ligation and denaturation the presence of captured 
detectable moiety indicates the presence of the point mutation within the double-stranded 
DNA in the sample. 

10 In another preferred embodiment of the invention, the method Is suitable for 

detecting the presence of a point mutation within the double-stranded DNA, wherein the 
first nucleic acid probe contains a nudeotide at a first end complementary to the 
nudeotide of the wild type nudeic acid sequence at a nudeotide position suspected to be 
a point mutation and adapted with a moiety which can be captured to a solid support, arKi 

15 ttie second nucleic add probe is labeled with a detectable moiety which can hybridize to 
the second end with the single-stranded DNA adjacent the hybridized first end of the first 
nudeic add probe, and wherein the absence of captured detectable moiety indicates the 
presence of the point mutation within ttie double-stranded DNA in the samfrie. 

In another aspect of the Inverttion. a device is provided comprising a solid 

20 support, preferably of glass, most preferably Starfrost glass, which is suitable for carrying 
out the detection methods according to the present invention. Preferably, said support is 
coated with biotinylated semm albumin and streptavidin. 

In still another asped of the invention, a kit is provided comprising a device 
suitable for carrying out the detection methods according to the present Invention with a 

25 solid support containing a series of first nudeic acid probes. 

In yet another asped of the Invention, a kit is provided comprising a device 
suitable for carrying out the detection methods according to the present Invention with a 
solid support containing a duplicate series of first nucleic add probes wfli arrangement for 
rapid detection. 

30 In still another asped of tiie invention, a kit Is provided comprising a device 

suitable for carrying out detection methods according to the present invention allowing 
serial analysis of multiple target cells on the same support. 

In still another asped of the invention, a kit is provided comprising a device 
suitable for carrying out the detection metiiods according to the present invention. 
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optionally an exonuclease, a first nucleic acid probe which binds to target DMA and which 
Is adapted with a capture moiety, a second nucleic add probe which binds to target DMA 
adjacent the first probe and which is labeled with a detectable moiety, optionally a ligase, a 
first antibody that binds to the dietectable moiety of the second probe, a second antibody 
that binds to the first antibody and is labeled with an enzyme for color reaction or labeled 
with a fluorochrome. and a chromogen. 

In another prefaned embodiment of the invention, a method is provided for 
organizing microarray analysis on a solid support for rapid visual detection of 
abnormalities which comprises arranging a duplicate set of probes where the first series of 
arrays are for the wild-^type mutation order and the second series of arrays are for the 
classical sequencing order. 

These and other aspects of the invention will be outlined in more detail in the 
following description. 

15 Brief description of the drawings 

Figure 1 depicts a glass slide which is suitable for use as a glass support for 
the detection methods of the present invention. Squares were manually drawn on the 
slides, preferably having an area of about 0.25 cm^, with a pap pen in order to keep the 
fluki on this square. Eight squares are drawn on one slide, four for hybridization and four 
20 for ligation and denatursition. 

Figure 2 depicts a possible order for duplicate nucleotide signal, allowing rapid 
visual analysis. 

Rgure 3 shows the wild type signal for consecutive series of nucleotides. 
Figure 4 shows besides the wild type signal badcground signals from the three 
25 remaining probes. 

Figure 5 shows a possible signal distribution for point mutation in a sample 
vrith target fraction. 

Figure 6 shows a possible signal distribution for a small deletion or insertion in 
a samp>ie with high target fraction. 
30 Figure 7 shows a possible signal distribution for a point mutation in a sample 

with a low amount of target cells. 

Figure 8 shows a possible signal distribution in case of heterozygosity. 

Figure 9 shows a possible signal distribution for loss of heterozygosity for 
single nucleotide polymorphism in a sample with high target fraction. 
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Figure 10 shows a possible signal distribution for loss of heterozygosity for 
single nucleotide pofymoiphism in a sample with low fraction of target cells. 

Detailed descriotton of the invention 

5 The present Invention provides a significant Improvement of the method of 

detecfing the presence of a nudeotide sequence and preferably a point mutation within a 
double-stranded DNA in a sample, which is disclosed and claimed in U S. Patent No. 
5,744,306, the disclosure of which is incorporated herein by reference. The improvement 
is based to a great extent on replacing in the "Point EXACCT" detection method the 

10 microtiter plates as solid supports by microarray technology which involves the use of solid 
e.g. glass supports. 

The terms 'microarray' or *chip' technique or technology, as used herein, are 
synonyms and are meant to indicate analysis of a plurality of small spots of nucleic adds 
distributed on a small surface area to fadlitate large scale nudeic add analysis enabling 

15 the simultaneous analysis of thousands of DNA and/or RNA sequences. The terms are 
likewise applicable to the analysis of peptides or proteins In a similar way. 

it has now surprisingly been found that the microarray technology can be 
successfully applied on the Point-EXACCT detection method, replacing microtiter plate 
format which uses a volume of about 100 pi per well with streptavidin coated glass slides 

20 using a volume of 120 pi for all spots on the support, and thus enabling to perform Point- 
EXACCT with smaller samples and at much larger scale of operation. 

The detection mode may vary but the invention can be suitably carried out with 
absorption microscopy and other modes, such as fluoresence and laser scanning 
microscopy, which will be evident to a person skilled in the art 

25 In order to perform the microarray technique successfully on Point-EXACCT, it 

has been found that excellent results are obtained with glass slides, in particular starfrost 
glass slides, but other materials such as silica or glass slides of other types may also give 
satisfactory results. This can easily be determined by a person skilled in the art The glass 
slides preferably contain squares drawn on the glass in order to keep the fluid on this 

30 square- The size of the squares is not critical. A preferred size has an area of about 0.25 
cm^, so that 8 squares can be drawn on 1 glass slide, four for hybHidization and four for 
ligation and denaturation. This is convenient for testing one base on a slide. 

The slides normally are coated by conventional techniques which Indude 
coating with biotinylated serum albumin (usually BSA) which is soaked by streptavidin. 
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Excellent results are obtained when a first homogeneous coating of biotinylated BSA is 
applied which after drying is incubated by streptavidin. A high concentration of biotinylated 
albumin is necessary to get suffident binding sites for the capture probes. In the 
concentrations used, the effiect of the surface tension generally will result in an 
5 inhomogeneous protein distribution. Homogenatton ts obtained by additional measures 
before dryingi for example covering the protein layer with non-adherent weight or using a 
surfactant in an embodiment of the present mvention the coating allows high density 
deposition by robots of biotin labeled substances such as nucleic adds and proteins. The 
coated supports can be stored for long periods of time (up to 12 months) at room 

10 temperature. The surface area of the coated support Is not cnticaf and may vary according 
to the wishes of the user. Usually it will be up to about 10x10 cm^ Slides, preferably glass 
slides, and more preferably Starfrost glass slides of about 7,5x2.5 cm are convenient and 
give satis^ctory results, and are therefore preferred. The coating procedure descibed 
above which results in a homogeneous coating layer ts simple and the capture probes are 

15 linked neither chemically nor with UV radiation to the glass surface. A homogeneous layer 
of biotin-labeled substances such as nudeic acids and proteins can tie suitably used for 
mtcroarray analysis. 

The array technique on the Point-EXACCT detection method according to the 
invention worked well with high concentrations of all products. Once the prindpie was 

20 established, the concentrations were brought back step by step to fmoK-pmol range. Thus, 
the concentrations of the products to be detected and the reagents used in the modified 
Point-EXACCT method according to the invention usually differ from those applied in the 
^ conventional Point-EXACCT method and can be determined and optimized by routine 

experimentation. 

25 As appears from the Experimental Part hereinbelow, suitable and preferred 

concentrations are as follows: 

- for the biotinylated bovine serum albumin coating on the glass slides: about 20 pg/ml 

- for the streptavidin coating on the glass slides: about 40 pg/ml 

- for the biotinylated capture probes: about 5 ng/O.IS |il of biotinylated probe 

30 -for the digoxigenin-labeled capture probe: about 5 ng/0.15 \i\ of digoxigenin-lat}eled 
prot>e 

- for the amount of (PCR) product: about Ipg per square of 0.25 cm^ 

- for the concentration of anti-digoidgenin antibody: about 5|il with a concentration of atx)ut 
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- for the concentration of rabbit anti-4tiou$e labeled with alkaline phosphatase: about 2.25 
X 10-^ g/SpL 

It appears from these experiments that the concentrations of all products used 
for Point-EXACCT could be brought back to fmol-pmol range for a surface of about 
5 0.25 cm^. A further reduction In the surface of the capture probe area Is possible and will 
lead to a further decline in the number and/or concentrations of these products needed for 
a detectable signal The amount of molecules needed for a surface of 0.25 cm^ usually is 
in the range of about 1 0"-1 O*"^ molecules. 

In order to prove the efficiency and effectiveness of the method according to 

ID the invention, a variety of tissue samples was tested with the modified Point-EXACCT 
method involving the array technology, including wild t^es and samples which were 
known to contain certain K-ras mutations, which were predetermined by the conventional 
Point-EXACCT procedure. The results of the conver^na! Point-EXACCT and the 
mimarray approach were identtcai, the same mutations were found with both tests. 

15 In another emt>odiment of the invention, a vertical slide hokler is used 

comprising a small fluid-containing incubation 'chamber*. One of the broad vertical walls of 
the incubation chamt)er consists of the solid support with the microarrays (about 5x2 cm). 
The distance between both broad vertical walls is small, e.g. 80 microns, which is 
sufficient for arrays of nucleic adds, and also for individual cells and tissue sections. 

20 Reagents can be added on top of the upper wedge shaped and wider part of the 
incubation chamber and the incubation space is filled by capillary and gravity force. 
Excess fluid on the upper level will flow through the incubation space by gravity. The 
incubation space will remain filled with fluid due to the capillary force. By subsequerrt 
variations in the contents of the fluid the whole incubation chamber with its microarrays on 

25 one of the walls is rapidly changed. In this way the handling is facilitated and can bB 
automatically performed by a pipetting robot (e.g. MARK 5). In the vertical mode the order 
of sample and detection probe tiybridlzation is also changed. In horizontal mode tarc^ 
nucleic adds and detection probe can be hybridized together. In the vertical mode target 
nucleic adds are hybridized tirst, any excess is washed away and the detection proise Is 

30 then hybridized to tiie tanget nudeic add. 

Another embodiment of the invention is the parallel hybridization in the vertical 
mode of two solid supports with the same capture probe composition. The first support is 
used for quantification of the target DMA without ligation and denaturing step (also called 
hybridization only), whereas the second support is used for quantiflcation after ligation. 



wo 01/18241 PCT/EPOO/08270 

11 

denaturing, and staining. The ratio between the signals of the corresponding capture 
probe determines the outcome. This ratio is obtained by dividing ttie signal of the support 
'without tigation and denaturation' by the signal of the support 'with ligation and 
denaturatlon\ This setup requires high quality of coating of the supports, and of the 
5 spotting steps, emphasizing the relevance of the coating according to the present 
invention. All other steps are performed in parallel by robotic and do not give rise to any 
essential variations. 

While conventional microarray technology is based on the hybridization 
mechanism, as outiined above, the present invention of the Point-EXACCT microarray 

10 method uses beside two hybridizations the ligase reaction for signal discrimination without 
y|| significant loss of signal intensity. This has the advantage that also a lower amount of 
target cells can be present in the biological sample. While in the conventional microarray 
technology from 100% to 10% of the sample material has to be hybridized in order to 
obtain a reliable signal discrimination, this range is extended In the method of the present 

15 invention to from 100% to about 0.1%. 

As compared to the hybridizaton in tiie conventional microarray technology tiie 
subsequent figase step according to the present invention has certain distinct advantages. 
Identical hybridization conditions can be used in both instances. Consequently, 
discrimination between matches and mismatches is very high, much higher than can be 

20 achieved with any other methods, such as oligonucleotide mutation specific hybridization 
wherein the effects of GC content were only somewhat neutralized in high concentrations 
of quartemary or tertiary amines. 
^ Altfiough in the microtiter based Point-EXACCT procedure the signals of the 

well "without ligation and denaturation' and the signal of the well *with ligation and 

25 denaturation' are in dose approximation to each other, In the microarray forniat of Point- 
EXACCT these signals are preferably obtained by different supports. This allows the 
calculation of the ratio as mentioned above. An embodiment of the invention is that with 
the microarray format the support "with the ligation and denaturation' steps is sufficient in 
itself to acquire the infonmation about the presence of mutation. Since information about 

30 the wild type signal can be obtained from a series of contiguous nucleotide positions, a 
normal range with Its distribution (i.e. without mutations) can be calculated for each 
supporiL With these data a subset of probes usually is sufficient for predicting the normal 
values of the otiier wild type probes. When one wild type probe is significantly different 
from the expected normal range, a mutation is present (see also Rgure 3). 
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In the design for the capture probe composition there are several options. For 
example, for a spedfic base all of the four theoretical possibilities are spotted adjacent to 
each other. WJth Point-EXACCT the wild type signal should be positive after ligation. If a 
point mutation is present in a target nucleic add and this target nudeic add Is present in 

5 suffident quantities, the probe detecting the mutation will be positive as well. The extent of 
positivity, i.e. the amount of signal i$ largely dependent on the amount of target nudeic 
adds present The remaining two probes are negative and serve as a negative control. 
However, the hybridization signal in tiie support that is used for 'hybridization only' should 
be high as welt and serves and quality control for hybridization and spotting. 

10 Another capture probe design useful for known single nudeotide poly* 

morphism analysis is the presence of only two capture probes on the solid support. For a 
single nudeotide polymorphism locus either homozygosity for one of the two possibifities. 
i.e. probes or heterozygosity is present. After Point-EXACCT "with ligation and 
denaturation' only a high signal will be preset for the homozygous nudeotide. in contrast, 

15 in case of heterozygosity both probes will show a clear signal. However, this signal 
amount is lower than for homozygosity. Ratio calculations provide dear distinction 
between homozygosity and heterozygosity. This part of the invention works satisfactory on 
blood samples containing white blood cells with a fairly homogeneous composition of 
DMA. 

20 Another design of prol^e deposition according to the Invention is the presence 

of duplicate series of capture probes with a different an-angement In the sequence type of 
arrangement, the nucleotides usually are positioned in four an^ys wtiere the ends of the 
capture probe on the 3' site will be the same. Thus, one an-ay will end on adenine 
(A nudeotide), the others on guanine (G nudeotide), thymine (T nudeotide) and cytosine 
25 (C nucleotide), respectively. When microanays with duplicate capture probes are used, 
the combination of two different capture probes anrangements Is useful. The second 
an^ngement is suitably based herein on wild type option In the first arangement and the 
three other nudeotide options are then deposited on the next three arrays. If no mutations 
are present, only the wild type array should have high signals with Point-EXACCT. Any 
30 change from normal is an indication of a mutation. 

Piadical examples using the Isitter arrangement are as follows: 
(1) A point-mutation that wiUi Pdnt-EXACCT will result in one capture probe 
spot in one of the otiier three lanes wtth a high signal. In addition tiie ligase reaction will be 
hampered on the 3' site for a short number of nudeotides as described above. 
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(2) In case of smail deletions or insertions this will lead, in addition to the 
mutation signal, to a longer track with reduction of wild type signal than for the point- 
mutation. The size of this reduction track is dependent on the size of the deletion/ 
insertion. Attematively, for easy recognition of single nucleoiide polymorphic sites, these 
5 sites may be clustered. 

The advantage of this car^re prok>e arrangement is that any deviation from a 
long tine of positive signals is detected with the rtaked eye In a split second. Thus, the 
analysis according to the method of thus invention is very rapid. By arranging the duplicate 
wild type order and sequence order of probes adjacent to each other, the wild type 

10 arrangement can be used for rapid detection of the mutated region and the adjacent 
sequence order to determine or get an approximation of the type of mutation. According to 
a preferred design of the arrays, one lane is used for marking, the next four lanes are 
used for the wild-type arrangement of the protjes, and the next four lanes for sequencing 
arrangement. The mark lane can also be used to depict the single nucleotide polymorphic 

15 loci. By this arrangement rapid visual analysis of 5x2 cm mk:roscope object slides is 
conveniently performed within a few minutes. 

In a further embodiment of the invention loss of heterozygosity is detected 
applying the characteristic of heterozygosity for single nucleotkde polymorphism with the 
modified Point-EXACCT method according to the invention. Loss of an allele frequently 

20 occurs in tumor cells. If the biological sample contains a high proportion of tumor DNA, 
such as DMA from a tumor cell line or laser dissected tumor cells, and a part of the allele 
containing the single nucleotide polymorphism is lost, then only one of the two probes will 
be positive with Point-EXACCT. This can be detected by comparison with another sample 
of the patient containing wild type DMA, e.g. from a blood sample or buckal smear. In a 

25 sample containing a mixture of wild type and tumor cells, with assumptions about the loss 
of the allelic site in the tumor after Point-EXACCT, a normal signal is shown for the 
nucleotide that is not lost, but the signal of the lost allele will be lower than expected. The 
amount of signal is proportional to the fraction of wild type DMA. Consequently the ratio 
between both single nucleotide polymorphic nucleotides will also change and be different 

30 from normal. Biological samples frequently contain a mixture of cells. Typical exanriples 
are biopsy and resection speciniens of tumors, sputum, liquor and urine etc. 

Previously mentioned detection procedures with Point-EXACCT require a prior 
knowledge about the nucleic acid sequence to be analyzed for example detection of a 
specific point-mutation, single nucleotide polymorphism, or loss of such a polymorphism. 
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With the microarray Point-EXACCT technique mutations can also be detected which are ' 
not known beforehand. In malignant tumor development some genes, especially tumor 
suppressor genes are known for a mutation prone region. When for such a region or gene 
a large number of probes with for each nucleotide all possible combinations of capture 

5 probes are spotted on the microarray, then with Point-EXACCT a mutation in the target 
DNA will be detected on the specific site by hampering of the ligase reaction for the wild 
type probes and thus result in a reduction of the wild type signal. This reduction will be 
marked the most at the first base of the mutation. On the next bases the signal will be 
reduced depending on the diminishing of the ligase reactton. The ianger the distance 

10 between the (end of the) mutated site the more nucleotides at the ligation site will be 
complementary to the wild type probe with a consequent Increase in wild type signal. 

In the previous embodiment of the invention the second oligonucleotide with 
detection moiety is spedfic for a certain genomic region. 

in another embodiment of the present invention the secorKi labeled oligo- 

15 nucleotide may contain nonspecific nucleotides, such as Inosine or others, in order to 
reduce the number of second oligo probes for a more general application. More 
specifically, a combination of ^partly random probes' may be usefiji. The so called 'partiy 
random probes' are oligomers of about 12 or preferably less 9 or more preferably 6 
nucleotides long and designed in the following way. On each position only the same 3 of 

20 the 4 possible oligonucleotides are randomly incorporated. A mixture of the possible four 
different oligonucleotides results in a high number of possible random probes. In more 
detail, for example for DNA, tiie mbcture consists of (GAT)n, {GAC)n, (GCT)n and (ACT)n. 
where n is the length number of the oligonucleotide, e.g. 9, 8. etc. The 3* end of these 
probes is labeled with digoxigenin or otiier labels (see below). In this way the mixture 

25 works for hybridisation and detection. In case the Rgase reaction is used, the 5' end of 
tiiese oligomers first needs to be chemically phosphorylated. Apart from the above 
descrit>ed composition, incorporation of one or more non-specific nucleotides at any of 
nucleotide positions is useful- For RNA the pyrimidine thymine (T> is replaced by uracil (U). 
The use of the mixture of 'partiy random oligomers' in the microarray analysis instead of 

30 the specific origonudedtides. allows a wider use of applications. One option is the design 
vwth capture probes aligned with the four possible options for each DNA/RNA base, 
representing an array with a known part of the genome. If after the hybridisation of target 
sequences and detection probes, ligation and staining procedure just the wild type capture 
probes are visualised the nonmal sequence is present only . However, if (part of) the other 
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capture probes are visible, this denotes the presence of possible point mutation(s), 
deletion(s) and/or insertion(s), provided that the range of deietion(s) / insertion(s) is at 
least partly covered by the array of capture probes. Detecting normal sequences or 
aberrations in unknown regions of the genome is not part of this invention. 
5 Summarizing, the new modified Point-EXACCT method according to the 

invention involving the mtcroan-ay technology is fast (more than 1000 nucleotides in 200 
spedmen can be analyzed in one day), highly spedftc and highly sensitive, relatively 
cheap and it can be automated. The method is also user-friendfy, i.e. the convenient soiid 
open format of the microscope slide, the non-radioactive, non-toxic, low-^volume 

10 hybridization solution, and ti^e comforting knowledge that the arrays are cheap and easily 
replaceable. Finally, the transfer to a smaller scale has many advantages, including 
working with smaller samples (fmol/pmol level), whereby lots of samples can be 
processed at the same time. Ten thousand probes can be spotted on one glass slide 
which enables the use of the modified Point-EXACCT method for large scale testing, e.g. 

15 simuitaneous testing of a plurality of sequences fn>m one gene or different genes from one 
or more patients. 

The modified Point-EXACCT method according to the invention is also suitable 
for large scale screening of point mutations, insertions, deletions, and loss of 
heterozygosity at the same time. 

20 The method of the present Invention involving the array technology also offers a 
plurality of possibilities for further improvement For example, the biotin labeled substance 
can sen^e as capture probe for subsequent binding of nucleic actds {rslA)/proteln. 
(NA/Proteins of Interest, NPOl). The NPO! in turn can be made visible by direct labeling 
during synthesis of NPOl before capturing or, in case of unlabeled NPOl, by subsequent 

25 binding of labeled detection probe. 

Preferably a fluorescence mode is used for reasons of higher sensitivity, larger 
dynamic range, instead of extinction mode. The latter method has the advantage that the 
outcome can be made visible with regular light microscopy. 

30 General applications using the modified Point-EXACCT method of the invention 
nucleic acid analysis: 

- DMA point mutation detection 

- DMA deletion detection, same way use of specific probe/ indifferent probe 

- DIsIA insertion, same way use of specific probe/ indifferent probe 
35 - DMA methylatk^n detection 
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- DNA single nucleotide polymorphism detection 

' RIMA after cDNA conversion (labeled = unlabeled ^ W) 

- RNA direct (approach ii) 

Protein analysis for presence/amount of protein 

5 

Specific applications 

- detection of abnormal DNA/RNA In cancer specimen 

- (early) detection of abnormal DNA/RNA in body fluids, such as blood, urine, sputum, 
bile, lavage fluids, cerebrospinal fluid, stool 

10 - (early) detection from cancer cells in blood/bone marrow 

- prediction of trsatment/chemosensitivlty of tumor cells 

- detection of specific microorganisms e.g. for clinical and food applications, sudi as 
human papilloma virus, legionella, tuberculosis, etc. 

- comparison of levels of gene expression. 

15 ' analysis of genetic predisposition for specific diseases, e.g. lung cancer. COPD, 
atiierosclerosis. 

Although the present invention is herein described in certain typical 
embodiments, it will be understood that variations may be made vtfrthout departing from 

20 Vhe spirit of the invention. For example, the modified Point-EXACCT method according to 
the invention is typically described herein using all<aiine phosphatase for detection with 
absorption microscopy. Evidently, this method can bB replaced by different labels, 
including radio nucleotides, substrates, magnetic particles, heavy metal atoms, and 
particular fluorescers, chemiluminescers and spectroscopic labels, other enzymes than 

25 alkaline phosphatase, etc., which may change the sensitivity and/or the dynamic range of 
the system. With an appropriate label selected, the detection system best adapted for high 
resolution and high sensitivity detection may be selected. As indicated above, this may be 
fluorescence or chemfiuminescence optical systems. Other detection siystems may be 
adapted to the purpose, e.g. IR microscopy, atomic force microscopy, electrical 

30 conductance, image plate transfer, and interference microscopy (e.g. Jamin-Lebedief). 
Such variations which are entirely dear to the man skilled in tiie art, are all encompass^ 
within the scope of the present invention. 

Similariy, although the present inventions is predominantly described as a 
method of detecting the presence of certain DNA sequences, it will be understood by the 

35 average skilled persons in the art that the same principle can also be applied for d6te<^ng 
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the presence of certain RNA or aminoacid sequences, making appropriate adaptations 
without inventive effort. These variatons are therefore a}so encompassed within the scope 
of the present invention. 

The following Examples which are not to be construed as Itmiting the scope of 
5 the invention in any respect, further illustrate the invention. 

EXPERIMENTAL PART 

1. Point-EXACCT on glass slides 

Squares of 0.25 cm^ were drawn on the glass slides with a pap pen in order to 
10 keep the fluid in this square. In this way 8 squares were dravtm on 1 glass slide, four for 
hybridization arid four for ligation and denaturation. See Rgure 1. 

2. Choice of the glass material 

A plurality of materials was tested. Among these were glue-coated, silane- 
15 coated, uncoated, poIy-L-lysIne-coeted; vectabond-coated, APTS*BSA-coated, starfrost, 
superfrost and superfirost+ glass slides. The coating of biotlnylated bovine serum albumin 
and streptavidin gave the best results on starfrost glass slides and, consequently, this 
material was selected for further e)q3eriments. 

Furthermore, several variants on the coating procedure with biotinylated 
20 bovine serum albumin and streptavidin were investigated. It was found that a coating with 
bio-BSA dried on the glass sfide and then incubated with streptavidin gives the best result. 
Variations In hybridisation procedures led to the conclusion that the PGR product and the 
digoxigenin-tabeled detection probe could be separately hybridised the glass slide. 

25 3. Protocols 

The experiments that were performed are schematically given below. For each 
step, the range of variation is shown. The washing steps throughout the protocol, indicated 
by 'Swashing", were each carried out with 1x PBS/0,05 % Tween 20. 

30 a- Coating with biotinylated bovine serum albumin (bid-BSA) 

- maximal concentration: stock 1 mg/ml; 5(jl/square 

- dried/incubation; 1 hour 37 or overnight room temperature 

- coating only with bio-BSA without streptavidin 

- range of concentrations: 1 mg/ml - 2 pg/ml 
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- since the high BSA concentration prevents direct spreading of the solution a regular 
distribution can be obtained with parafUrn. or adding a minimal amount of surface 
tension reducing agent such as a detergent like soap. The parafilm is preferred, since 
this gave the highest signals. The parafilm may be covered with a small weight, e.g. 

5 another glass slide. 

b. Saturation with streptavidin 

- maximal concentration: 500 }jg/ml; Spt/square 

- dried/incubation; 1 hour 37 ''C or overnight room temperature 
10 - coating only with streptavidin/mixing of bio-BSA and streptavidin 

- range of concentrations: 500 Mfl/ml - 1 Mg/nil 

c. Washing 

15 d. Linking of the biotinyiated capture probes 

- maximal concentratton: 1 ms/mI; 0-15 M'/square 

- air-dried/lncubated; 1 hour room temperature 

- range of concentratrans: 150 ng/0.15 pi - 300 pg/0.15 pi 

- the length of the linker between biotin and nucleotides may be of variable length. 
20 4-16 carbon atoms give satisfactory results 

e. Washing 

f . HvbridEation of the single stranded PCR product and the digoxigenin-labeled detection 
25 probe 

rdla-^probe') 

- maximal concentration: 2.5 pi PCR product + exonudease + 0,15 pi dig probe (1 pg/pl) + 
4 pi hybridization buffer, 6.65 pl/square 

- 1 hour incubation at room temperature 
30 - PGR product and dig-probe separately hybridized; 1 hours incubation each at room 
temperature (R.T.) 

- range of amount of PCR product: i5 pi - 0.1 pi per square 

- range of concentrations dig-probe: 150 ng/0.16 pi - 300 pg/0.15pl 
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g. Washing 

^- Right side of the glass slide: ligation washing, denaturatfon and washing) 

- 1.25 mU T4 DMA ligase in 5 |il 1x ligation buffer 
5 - incubation: 15 minutes at room temperature 

-3x washing 

- 0.07 M NaOH: incubation 2 minutes RT. 

- 2 times 0.01 U NaOH/0,05 % Tween 20 
-1x washing 

10 

i. Detection with mouse-anti-digoxioenin antibody CM A-D*l 

- maximal concentration: 5 pg/ml; 5 jjl/square 

- incubation: 1 hour RT. 

' range of concentrations: 5 pg/ml - 200 ng/ml 

15 

j. 3x Washing 

^ Further detection with rat)bit-artti-mouse labeled with alkaline phosphatase 

- maximal concentration: 0.09 g/l; 5 pi/square 
20 - incubation: 45 minutes R.T. 

- range of concentrations: 90 mg/l - 1.8 mg/l 

I 3x Washing 

25 m. Coior development 

- alkaline phosphatase-substrate-lkit; incubation: IS minutes R.T. 

n. 3x Washing 

30 o. Covered with immu-mount 

- refractory index 1.5 

4. Point-EXACCT in vertical mode on starfirost glass slides with spotted 
blotlnyiated probes 
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The purpose of this procedure was to perform Point-EXACCT in a vertical 
mode with a pipetting robot (e.g. Mark 5) Such a robot can t>e used for automatic 
immunostainings on histologic and cytologic specimens, in addition, the biotinyiated 
probes were spotted with a mtcroaray robot on the coated glass slides. The protocols are 
5 schematically given below. 
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a. Coating with biotinvlated bovine senjm albumin (bio-BSA) 

- concentration: 20 ng/|jl; 100 pl/glass slide 

- dried: 1 hour 37 "C/dvemight R.T. 

5 b. Saturation with streptavidin 

- concentration: 40 ng/pl; 1 00 |ji/giass slide 

- incubation: 1 hour 37 ''C/ovemight R.X 

c. Washing 

10:. . ; 

d. Spotting of the biotinvlated capture prot»s 

- range of concentrations: 500 ng/pl; 100 ng/Ml;50 ng/pl; 33 ng/pl; 10 ng/pl; 3 ng/pl 
-Genetic Microsystems (GMS) 417 arrayer 5 nl/spot 

- section of spots: 150 pm 

15 - distance between two spots: 300 pm 

e. Washing 

t Hybridization of the PGR product 
20 - glass slides in vertical holder Mark 5 

- 22.5 pi PGR product; 60 pl/glass slide 

- incubation: 1 hour R.T. 

o 

g. 3x Washing 

25 

h- Hybridization of tfie dig-probe 

- 1.35 pi dig-probe (33 ng/pl); 60 pl/glass slide 

- Incubation: 1 hour R,T. 

30 i. 3x Washing 



]. One of the two glass slides: ligation (+ washing^ denaturation and washing) 

- 15 mU T4 DN A ligase In 60 pi 1 X ligation buffer 

- incubation: 15 minutes at room temperature 
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-3x washing 

- 0.07 M NaOH: incubation 2 minutes RT. 

- 2 times with 0.01 1^ NaOH/0.05 % Tween 20 

washing 

5 

k. Detection with mouse-anti-digoxiqenin antibo dy IM A-D) 

- concentration: 1ng/Mi; 60 Mi/glass slide 

- incubation: 1 hour R.T. 

10 i. 3x Washing 

m. Further detection with rabbit-anti-mouse labeled with al icaline ohosohatase 

- concentration: 0.9 x 10* g/1; 60 ^Vglass slide 

- incubation: 45 minutes R-T- 

15 

n. 3x Washing 

o. Coior development 

- alicaline phosphatase-substrate-lkit; incubation: 15 minutes R.T. 

20 

p. 3x Washing 

q. Covered with immu-mount 

- Refractory index 1.5 

25 

Mark 5 needs 120 pi to fill the vertical holder, from which 40 pi is needed to 
rinse the previous liquid and the remaining part to fill the Incubation space with liquid. As 
compared to the original procedure, only half of the volume was needed, since through the 
capillary activity, the 60 pi product stays in the upper half of the holder where the probes 
30 are spotted. 

This technique was also applied for the validation of the array approach- To 
this end, biotinylated probes for base 2 of codon 12 of the K^as gene are spotted in a 
concentration of 100 ng/pl. The results were analyzed by image analysis with light 
microscopy. 
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5. Use of maximum concentrations 

The use of maximum concentrations of all products gave a clear red color 
signal. TTie four hybridization signals gave a distinct signal- From the four nucleotides that 
were tigated and denatured, only the G-base gave a red signal. This was expected 
5 because the PGR product was wild type H716 cell line DNA. The remaining 3 bases at this 
side of the glass sHde gave no visible signal. This e^qperiment was repeated a few times 
with the same result All settings were on maximal concentrations for the various 
components. 

10 6. Determination of minimum concentrations of the various reagents 

6. f Vanation of the concentration biotinyiated bovine serum albumin 

In this example, the concentration biotinyiated bovine serum albumin firom 1 
mg/ml to 2 pg/ml was varied. The rest of the settings remained standard according to the 
15 maximum protocol. 

Table 1 shows the results for the hybridization and ligation signals. A semi- 
quantitative score of the staining is provided. 
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Tabie 1: Resuits variation of concentration biotinylated bovine serum albumin 



Cone. 


Hybridization signals 


Ugatton signals 


G 


A 


T 


C 


G 


A 


T 


0 


1000 


+++ 


+++ 


+++ 


+++ 


+++ 








400 


+++ 


+++ 


+++ 


+++ 


+4-+ 








200 


+++ 


•f++ 


+++ 




+++ 








80 


+++ 


-M-+ 


+++ 


+++ 


+++ 








40 


+++ 


-•-++ 


+++ 


+++ 


+++ 








16 


+++ 


+++ 




+++ 


+++ 








8 


+-M- 


+++ 


+++ 


+++ 


+ 








3,2 


++ 


+++ 


++ 


++ 


+ 








2 


+ 


++ 


+ 


++ 











Legend: +++ very strong staining 
6 ++ strong staining 

+ moderate staining 
+/- background staining 
- no staining 



10 The hybridization signals gave a strong staining up to a concentration of 2 

jjg/mi. The staining of ^e ligation signal of the G-faase decreased after a concentration of 
about 16 \xQJml Therefore a concentration of 20 pg/ml was applied in further experiments. 
From this concentration, 5 |jl was used for a square of 0.25 cm^. Thus, for this square 100 
ng biotinylated bovine serum albumin was used which corresponds with 8.8 x 10^^ 

15 molecules/square or 1,46 xlOr^^mol. 

6.2 Variation of tfie eoneentra^on of oUier components 

in this example, the streptavidin concentration was varied in a range from 500 
pg/ml to 1 pg/ml. For biotinylated bovine semm albumin the optimum concentration of 20 
20 ng/yl was used. The rest of the settings remained standard according to the maximum 
protocol. 
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The optimal streptavidin concentration appeared to be 40 ng/jjl. This was used 
in subsequent experiments. For several other variations a similar setup was used and 
optimal concentration for concentration biotinylated probes appeared to be 5 ng/0,16 pi 
will be used. This equals approximately 3,9 x 10" molecules in a spot of 150 micron 
5 diameter. 

The optimal concentration of the dig-labeled probes appeared to be of 5 
ng/0,15 \xl This 5 ng contained the same amount of molecules and mot as the biotinylated 
capture proi3es. 

The minimum amount of PCR product was 1 pg was needed for a square of 
10 0.25 cm^. This corresponds to approximately 10^*^'* copies- 

The optimal concentration of the first mouse-anti-digoxigenin antibody was 1 
pg/ml. This corresponded to 2 x 10^' molecules and 3.3 x 10 " mol per square. 

The optimal concentration of rabbit anti-mouse labeled with alkaline 
phosphatase was acquired with 45 mg/l FJAM-AP. This equals 2.25 x 10^^ g/5 Ml used. 
15 which means 9 x 10" molecules or 1,5 x 10 " mol. All experiments were carried out witii a 
horizontally positioned solid support and hybridization and washing steps were performed 
by adding drops and sucking it off individually. 

7. Validation of the mlcroairay approach 

20 Tumor tissue samples whith K-ras mutations (codon 12 base 2), determined 

witti the conventional Point-EXACCT procedure, were tested witii the array method. 
Cases with and without mutations were used. Comparison of tiie results of the 
conventional Point-EXACCT and the anray approach showed a similar outcome. The same 
mutations were found with the two techniques. 

25 The present disclosure is to be considered as in all respects illustrative and not 

restrictive, the scope of the invention being indicated by the appended claims, and all 
changes which come within the meaning and range of equivalency are intended to be 
embraced therein. 
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Revised Claims 
(2 November 2001) 

1. A method of detecting the presence of a nucleotide sequence within a 
5 double-stranded DNA in a sample comprising the following steps: 

a. coating a solid glass support with a first layer of biotinylated serum albumin 
in an amount to create sufficient binding sites for the capture probes, drying said first layer 
and incubating said first dried layer with a second layer of streptavidin having sufficient 
density to perform efficient microarray analysis; 
10 b. digesting the double-stranded DNA with an exonuciease to convert double- 

stranded to single stranded DNA, derived from a mixture of target cells and other cells, to 
a single-stranded DNA; 

' c. capturing a first nucleic acid probe adapted by bidtin to said coated solid 
support defined in step a.; 
15 d. hybridizing (i) the single-stranded DNA with the first nucleic acid probe, and 

(il) a second nucleic acid probe labeled with a detectable moiety which can hybridize with 
the single-stranded DNA adjacent the hybridized first nucleic probe; 

e. ligating the hybridized first and second nucleic acid probes in case of 
perfect match only; 

20 f denaturing the ligated first and second nucleic acid probes from the 

hybridized single-stranded DNA; 

g. removing non-covalently bound labeled probes and single stranded DNA; 

and 

h. detecting captured detectable moiety indicating the presence of the 
25 nucleotide sequence within the double-stranded DNA in the sample; 

characterized in that steps c.-h. are performed by microarray technique. 

2. The method of claim 1, wherein step d (ii) is adapted with the use of a 
mixture of partly randomized probes to allow detection of mutations without knowing the 

30 site and type of mutation beforehand. 

3. The method according to claim 1 or claim 2, wherein said solid glass 
support is made of Starfrost glass. 
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4. The method of any one of claims 1 to 3, wherein first nucleic acid probes 
are printed on said solid glass support or are built on said solid glass support by light- 
directed oligonucleotide synthesis. 

5 5. The method of any one of claims 1 to 4. wherein the detectable moiety on 

the second nucleic acid probe is digoxigenin, and the detecting step is performed by 
binding the digoxigenin with anti-digoxigenin antibody fragments. 

6. A device suitable for carrying out the detection method as claimed in any 
10 one of the j)receding claims, which comprises a solid glass support having a coating which 

is obtainable by the method comprising coating said solid glass support with a first layer of 
biotinylated serum albumin In an amount to create sufficient binding sites for the capture 
probes, drying said first layer, and incubating said first dried layer with a second layer of 
streptavidin having sufficient density to perform efficient microarray analysis. 

15 

7. The device according to claim 6, wherein the said solid glass support is 
made of Starfrost glass. 

8. A kit comprising: 

20 a. a device suitable for carrying out the detection method according to the 

present invention as claimed in any one of claims 1 to 7; 

b. optionally an exonuclease; 

c. a first nucleic acid probe which binds to target DNA and which is adapted 
with a capture moiety; 

25 d. a second nucleic acid probe which binds to target DNA adjacent the first 

probe and which is labeled with a detectable moiety; and 
e. optionally a tigase. 

9. A method for organizing microarray analysis on a solid glass support for 
30 rapid visual detection of abnormalities which comprises arranging a duplicate set of probes 

where the first series of arrays are for the wild-type mutation order and the second series 
of arrays are for the classical sequencing order. , 
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' 10. The method of claim 1. wherein prior to the drying in step a parafilm. 
preferably covered by a weight, or a surfactant is added to enhance the distribution of said 
first layer. 

5 11. The device of claim 6. wherein the solid glass support is obtainable by the 

method in which prior to the drying in step a parafilm, preferably covered by a weight, or a 
surfactant is added to enhance the distribution of said first layer. 
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Figure 1 
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Only bold letters give signal 

*1 = possible single nucleotide polymorhtsm 
*2 » point mutation 

*3 - heterozygosity for single nucleotide polymorphism 
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DECLARATION AND POWER OF ATTORNEY 



As a below-named inventor, I hereby declare that: 

My residence, post office address, and citizenship are as stated below next to my nanie. 

I believe I am the original, first and sole inventor (if only one name is listed below) or an original, 
first and joint inventor (if plural names are listed below) of the subject matter, which is claimed and 
for which a patent is sought on the invention entitled: 

Improved Method for Nucleotide Detection and Devices used Therein 

the specification of which 
(check one) 

is attached hereto 

X was filed on February 2 1 , 2002 as 
Application Serial No. 10/069,689 
and was amended on (if applicable) 

and 

described and claimed in PCT International Application No. filed on 

and was amended on under PCT Article 1 9 (if applicable), 

(the undersigned hereby authorizes its attorney to amend this document to insert the filing date and application serial number when 
they become known.) 

I hereby state that I have reviewed and understand the contents of the above-identified specification, 
including the claims, as amended by any amendment(s) referred to above. 

I acknowledge the duty to disclose information of which I am aware which is material to the 
patentability of this application in accordance with Title 37, Code of Federal Regulations, Section 
1.56. 

I hereby claim foreign priority benefits under Title 35, United States Code Section 1 19(a)-(d) or 
Section 365 of any foreign application(s) for patent, inventor=s certificate, or any PCT international 
application(s) which designated at least one country other than the United States of America, 
identified below and have also identified below any foreign application(s) for patent, inventor=s 
certificate, or any PCT international application designating at least one country other then the 
United States of America, having a filing date before that of the application(s) on which priority is 
claimed: 
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Prior Foreign Application(s) Priority Claimed 

Number Country (or PCT) Filing Date Yes Ho 
9?202714.4 BP 22 August 1 999 X 



I hereby claim the benefit under Title 35, United States Code, Section 1 19(e) of any United States 
provisional application(s) listed below: 

Provisional Application No. FUmg Date 



I hereby claim the benefit under Title 35, United States Code, Section 120, of any United States 
application(s), or any PCT intemationai appiication(s) designating the United States of America, that 
is/are listed below and, insofar as the subject matter of each of the claims of this application is not 
disclosed in the prior United States or PCT Intemationai application in the manner provided by the 
first paragraph of Title 35, United States Code, Section 1 12, 1 acknowledge the duty to disclose 
information which is material to patentability, as defined in 37 CFR ' 1.56, which became available 
between the filing date of the prior application and the national or PCT Intemationai filing date of 
this application. 

Applipatipn Serial Nq. Filing T)m Status 

(Patented, pending, or abandoned) 

PCT/EP/QQ/0827Q 22 A u gust 2000 Pending 
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And I hereby appoint 

David A. Kalow, Reg. No^,35Z;JSlilton Springut, 
Reg. No. 22,22l4J[ohn J. Santalone, Reg, No^,294; 
J. David Ellett, Jr., Reg. Nc-S^^^rGary Molnar, 
Reg. No. SCUSSt^-^tt I>. Locke, Reg, Np..^SZ7^=. 
William D. Schmidt, Reg. Na39,4^and Tor Smeland, 
Reg. No. 43,13^ 

each of them of KALQW-ife SPjRINGU31LLE.^^ &8JVladisQn Avenue , 19**^ floor^^Ngw YoiVNew 
York 10Q22^^ my attorneys, each with flill power of substitution and revocation, to prosecute this 
application, to make alterations and amendments therein, to receive the patent, to transact all 
business in the Patent and Trademark Office connected therewith and to file any International 
Applications which are based thereon under the provisions of the Patent Cooperation Treaty. 

Please address all commimications, and direct ail telephone calls, regarding this application to 

David A. Kalow 
KALOW & SPRINGUT LLP 
488 Madison Avenue, 1 9^' floor 
New York, New York 10022, 
(212) 813-1600 

I hereby declare that all statements made herein of my own knowledge are true and that all 
statements made on information and belief are believed to be true; and further that these statements 
were made with the knowledge that willful false statements and the like so made are punishable by 
fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code and that such 
willful false statements may jeopardize the validity of the application or any patent issued thereon. 

Full name of sole or first inventor: Thunnissen. FredericusBemgrdus Josephus Marja ^ 
Citizenship: Netherlands. 



Residence Address: Tempelstraat 12A 

6641 KV Beuningen 
TheNeQi^ri^dg 
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Post Office Address: Same As Above 



Date of signatur e ^ / t/o'L^ Inventor's signature _ 

Full name of second inventor: Hardy. Katinka 
Citizenship 
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Resideitce Address: Bovenstraat 30 
374QSgouwen ^ 
Bel gium 




Post Office Address: Same As Above 



Date of signatur e J\>0? > C^?^ Inventor^s signature^ 
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